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This quarterly pronss report covers the third quaz-rer of a
one-year research contract on Interactions of Pleas Flows and Magnetic
Fields. The study Includes both theoretical and experimntal york in
magnetohyrodynamc. and superconductivity.

The third period has been spent operating the progrnam initiated
ear developed in the first and second periods. This report covers

these activities.

DeNys 0. Akhurst

Praject Director
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A. R3UET StAMS OF SQUIPW

To facilitate measurements on the plasma jet, two water flov meters

have been added in order to measure the quantit of water cooling the

movsble and fixed electrodes. Several thermisters have also been 3Jded

at various points in the cooling system for heat transfer measurements.

Construction of a solenoidal electromagnet for further plasma-magnetic

field interaction studies is ncw in progress. The electrognet vill be

mounted inside the first section of -he dump tank in order to allow the

plasma stream to pass coauially through the field region.

D. MMMORETICAL STUDIES OF FIA54A •T•ACTICO WITS A MAGM.T FIELD

In the induction MW generator, Fie.we 1, slugs of moving plasaa

interact with the mse t1c field of a solenoid to produce electrical energy.

For this type of geometry, there have been few investigations of either an

experimental or theor44ioal nature.112 However, by making certain assumptions

and approximtions, an eiression for the genmrated voltage can be determined.

The approach used is to divide the plasas slug into several small,

finite rings. Using the mutual inductance bet'..en WO conducting loops an

expresoion is then found for the induced voltage produced by the interaction

of a plasma ring with a current carrying conductor. The results can be

generalized to the case of a solenoid and a conducting slug by nuerical

integration or by graphical means.

Assuming the plasm ring moves coxiýally with a constant velocity U as
shown in Figure 2, then the instantaneous value of the mutual inductance

between the current carrying conductor and the plasma ring can be written:3

k --

where:

k2 4 b 2)

(a + b) +

and z is given by z - Ut. Expanding the elliptic integrals K(k) and E(k)

In infinite series in terms of the modulus k yields:

"H - W(Ab)½ -l 21-1

vtiere CI is a coefficient resulting from the combina~tion of the coefficiente
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of the series expansions of the elliptic integral$. By finding the flux

linkring the two loops and differeattating accordingly, the induced vltage

in the caxryIne conductor is found to be:

e - -b- 7- z (4)
dz

Where I is the plasma conductivity, A the cross-sectlonal area of the

plasma, II the current in the statioitry loop, and M is from equation (3).

EquAtion (4) is presented in Figure 3 in terms of the normalizzed

parameters D - Z/b, R - a/b, and EV 8be _. The values of R chosen

correspond to values whIch will be used in the numerical integration. An

"apparatus has been constructed to verify the preceding calculations, and

a computer program has been written for the nmerical integration. Details

of the development of equation (4) are Given in Report UAPL No. 18.
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C. PLASMA ELEIChICAL COWDrIVMTw

1. Theoretical

The electrical conductivity of an ionized gas, or plasma, is dependent

upon several variables, i.e., tempe.ature, pressure, cross-section, etc.,

which are not &II independent. Because of this conplexity it has been

necessary to develop theoretical expressions which are applicable only to

certain ranges of ionlzation. To provide numerical values of the conductiv-ity

for comparison with experimental results, these conductivity expressions have

been taken from the literature and programmed on an IB.• 653 corp-ter.

Tabulated values and graphs which show the relationship between the various

theories are presented for a temperature range 3,000 - 30,00C OK. Results

for five different gases at various pressures arte given In Repor- JAPL .c,. 16.
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2. Experimental eaaurement

Because of the dIftioaultis encountered with using direct probe

an microwave techniques for pl&a conductivity inasurejent, an R. y.

probe using a crystal controlled oscillator has been constructed. The

oscillator is coupled to an inductance or search coil which is mounted

on a ceramic tube, ad wvhen plasm is present, R. F. power is dissipated

and appears as an additional resistive load to the oscillator. By proper

calibration of the Instriment absolute conductivities can be measured.

Calibration vas accomplished usine KC1 and NaCi solutions at

different normalities with the zero conductivity condition determined by

the use of distilled water. The oscillator was also checked for drifting

and a drift of only 1.5% was observed over a 24-hour period of time.

Figure 4 indicates a typical conductivity curve for the plasma jet

at low input power as a function of the discharge current in the jet nozzle.

The valtace drop across the electrodes, was constant at 39 volts, and the

gas (nitrogen) flow rate was 0.6 ra=s per see. A more detailed description

of the apparatas and measurements is given in Report U/SL NW. 17.

D. JET VELOCITY MEASURSLMITS

Measurement of the jet velocity was accomplished by -isehlh-ArIng a bank

of capacitors across the electrodes and measuring the velocity of the

luminous ionized gas created by the discharge. The previously described

three-gap triggering mechanism was used for a total capacitance of 104,

and 12,000 volts.

To find the velocity, two photocells (Pigure 5) were placed a lcrxmcn

distance apart and the time of travel of the luminous Cas between the photo-

cells was measured with an osciflosctpe. Several tests were performed under

two different types of measurements: those of steady state conditione

(i.e. those conditions of flow and dsp tank pressure which cnuld be held

constant for a sufficient length of time) and those of transient 1-onditions

(i.e. those conditions of hig)h flow rate and low dump tank pressure which

could be held constant o:niy for a short period of time due to, the efficiency

of the vacuum pump)

Figure 6 showr a typical run for a nozzle with 3/4" input diameter

and 1-11/16" outpu' diameter. These measurements were of the transient type.

-3-
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The vacuun pump was aloved to pull the dimp tank pressure down to a

specific value and the flaw was then set at various levels.

SteaC.y state measurents vwere made by setting the flow at a specific

level and then allowing the pump to stabilize. Measurements were made at

varlous levels and typical values are given below in Table I.

TAME I

Pressure Fluv Velocity
Vk-gr/sec a/sec

13 0.590410

_. 0.890 380

_ 23 1.780

E. HEAT TRAESPM MASLWLXIT'

Figure 7 shows the distribution of water supply and the location of

the thermistors used for heat transfer ueasurements. The thermistors were

calibrated with a standard thermometer so that absolute values of teerature

could be measured.

Several test were conducted to find the amust of heat exchange at the

electrodet, but, because of burnout difficulties with the electrodes, the

tests were conducted only at low power Inputs. Data obtained during a test

is gvon below:

inpaut Power - 47 - 39 x 135 - 5.25 kv

Duration a 10 minutes

Mass flow rate of Wa - 1.4 gr/sec

Dum tank pressure - 15 = Hg

Heat exchange

(a) Fixed electrode - 135 BTU/min w 2.37 kv

(b) Moveable electrode - 27 BTU/min - 0. 4 75 kv

Water flow in moveable electrode - 1-35 Gel/min

Water flow In fixd electrode - 4 Gal/min
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Several tests have been coducted at dimre't innput power level

f the purpose of finding the onditioans for stable operation. It m

foun that input power levels of 5 to 7 kv give ste.y operation up to

1 minutes and the electrode weer is reanamble. Figure 8 shove two made

tmgsten electrodes. Before they bed bown used both the electrodes had

flat heads and their length we oa inch. The electrode (a) (anode) was

used at 5.5 ky power Iqiut (discharge voltage x discharge current) for a

period of 15 minutes. As shovn in the picture, the anode wa peartly

melted close to the end, md only a very mal mount of material was

dissipated. During this period the cathode shoved no effctso. When hioher

input power ws applied to the electrodes it ms fotud that the operation

we unstable. Another run was conducted at 1.5 ky for a period of 2

minutes, during which time the anode was shortened by half an Inch

(Figure 8b). The cathode also bega to show sins of dissipation.

It Is apparent that for hewr then 10 ky input power a different

configuration of electrodes must U used. At the present time, different

experiments ore In progess to investisate the influence of current density
on the varw of electrodes. By havlng a better distribution of current

density, It Is anticipated that the life of the electrodes vill be increased

an the arc operation wi be mor stable.

0. WATULMNOf 07AC M =M AI 7M M,-'
The replacement of metlic coductors by pmseous ccucturs ba abreey

led to the gmeeration of elaectrlal power. this type of penurator, called
a de minetohydrodyic generator, ut•ilise the Interaction of an Ioniaed

gas flow through a transverse gtic field. A component of euxrent Is
produced transversely to the strem ad to the applied magnet field. Thus
net dc electric power can be produced. This type of generator has some

Inherent problems in the design ad operation. For this reason It has been

proposedI tc Investigate the feasibility of adapting the theory of ac Induction

generators to magnetohidrodynemic power generation. Bernstein et &Is2 he"

solved the problem for a cimmml with a rectangular cross section. Maltipbase

coils are arranged on the upper SaM lower sldeq of the channel to provide a

magnetic field of the form B empj (kx - at) which advances dovnstrem with a
phase velocity 0/k. ?be as flms In the own direction with a voelcity

-5-
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greater than the phase velocity, such that on interaction between the

conducting gas and the magnetic field takes place. This type of Inter-

action produces ac power. For efficient operation, the conductivity of

the gas must be above 100 mhos/meter. During re-entry of a space vehicle,

the conductivity of a shock-wave in air at 18 4 ,O00 feet and Mach No. 20

is oW ahos/seter 3 and rises rapidly to 1200 hos/meter at Mach No. Ž4.
This indicates that an induction megnetohydrodynmic generator could

efficiently provide power dua-ing Uie re-entry period. In order to investi-

gate this possibility a theoretical study has been irdtiated and the results
i

will be published soon in a later reprt.
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